1446 (3) 

Method for the decision, whether to reuse or relect a refractory Plate and device to this 
end. 

[0001] The present invention has for main object a systematic method allowing to decide 
objectively whether a refractory plate of a slide gate valve used to control the flow of a molten 
metal during the casting of said metal from an upper vessel to a lower vessel can be reused or 
should be discarded. According to another of its aspects, the invention relates to a device 
5 intended for carrying out the above described method. 

[0002] In the casting, particularly the continuous casting, of a liquid in the liquid state from an 
upper metallurgical vessel toward a lower vessel , it is necessary to ensure a certain level of 
control on the metal flow and in particular on the casting flow rate. Various means used to this 
end are known: the internal means such as the stopper or the extemal means such as the slide 

10 gate valve (I inear or rotary) . 

[0003] Most of the slide gate valve comprise a set of refractory plates, each provided with at 
least one pouring orifice, inserted in a device pennitting a relative displacement of the plates 
while ensuring their compression so that the metal stream could more or less easily flow through 
the orifices of adjacent plates depending upon the throttling rate of the orifices. In the known 

15 devices, the relative displacement of the plates (at least one of them being mobile and at least 
one being fixed or stationary) is carried out according to a linear, rotary or any other trajectory 
translation move. The relative displacement of the plates is generally ensured by the force 
exerted by a cylinder (hydraulic, pneumatic or electromechanical) or even by a motorized driving 
device. All along the casting, the throttling rate of the plates is continuously adjusted so as to 

20 maintain the casting conditions (flow rate, metal level in the upper vessel, etc.) in the suitable 
limits. 

[0004] Such slide gate valves can be operated for the casting from a fumace towards a ladle or 
a converter, from a converted toward a ladle or from a ladle toward a tundish. The present 
invention relates to these different possibilities. For the sake of concision, It will however mainly 

25 be described in the context of the casting from a ladle toward a tundish. 

[0005] During the casting operations, the refractory plates are subjected to many severe 
stresses which, on the long run, are responsible of their wear. In particular, these are the 
thermal (high casting temperature), chemical (composition of the cast metal, of the slag), 
mechanical (level of the throttling, number of relative displacements, etc.), thermo-mechanical 

30 (thermal shock), etc. stresses. Further, certain event or incidents occurred during the casting 
operations might have a significant Impact on the state of the refractory plates. For example, in 
case of non-natural opening of the upper vessel or in case of clogging of the orifice during the 
casting, It might be necessary to use a torch or other thermal rods In order to clear the pouring 
orifice of the plate. Such a recourse to a torch is obviously disastrous as to the state of the plate. 

35 All these stresses generate a radial wear of the pouring orifice, an erosion of the throttling lips 
(portion of the orifice periphery used to perform the throttling of the liquid metal stream), cracks 
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of all kinds, more or less important disintegration or melting of the refractory material or even the 
penetration of foreign bodies inside the refractory material. 

[0006] These last years, the quality of the refractory materials used for the manufacture of such 
plates as well as the optimization of their shape has permitted to considerably increase their life 

5 time so that after a first use in a slide gate valve during the casting from an upper vessel towards 
a lower vessel, it is actually possible to reuse these plates a certain number of occurrences. 
[0007] After each use of a refractory plates set, it is therefore necessary to decide whether 
these plates can be reused or must be discarded. The method generally operated in the 
metallurgical industry consists in performing a visual inspection of the refractory plates, the 

10 decision resting essentially on the aspect of the plates. This visual inspection is operated at the 
level of the so-called "maintenance" zone (for the metallurgical vessels) where the metallurgical 
vessels are laid down so as to permit an easy access to the slide gate valve. It will be noted that 
this preparation zone is often far remote from the casting zone where the actual casting 
operations are perfomied so that, practically, very few information is exchanged between the 

1 5 operators of these different zones. 

[0008] The conditions of operating the visual inspection of the plates are far from being optimal. 
The plates are indeed only visible through the pouring orifice; therefore, this does not allow to 
inspect the state of the sliding surfaces where the degradations are yet the most important. In 
most of the cases, the partly dismantling of the gate to this occasion is prohibited since it 

20 generates an over-consumption of manpower and a significant loss of time and overall, since, 
such a dismantling generates a very significant themial shock at the level of the plates. 
[0009] The visual inspection of the plates is therefore operated by an operator having a certain 
expertise in this particular field, since his decision as to the possible reuse or reject of a 
refractory plate is crucial. The reuse of a deteriorated plate can indeed cause a very serious 

25 accident (breakage) which can compromise the safety of the operators or, at least, very seriously 
damage the casting installation. On the other hand, the premature reject of a plate cause 
economical (increase of the reduction costs) and environmental (increase of the waste quantity) 
significant damages. This decision is very subjective and depends largely upon the experience 
and the skill of the operator. 

30 [0010] JP-A-20031 81 625 describes a method of measure of the wear level of the plates of a 
slide gate valve used to control the flow of a molten metal. The wear level is detemnined with the 
help of a specific tool. An end of the tool is connected to the casting orifice of the plate for a 
direct measure. Each new plate must be equipped with such a tool. 

[001 1] According to a first of his object, the present invention has therefore for object a method 
35 permitting to decide objectively whether a refractory plate of a slide gate valve used to control 
the flow of a molten metal during the casting of said metal from an upper vessel to a lower 
vessel can be reused or must be rejected. This method uses data which are normally available 
and measured in the casting installations as well as typical parameters of the actual plate wear 
such as the throttling rate. 
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[0012] It will be noted that in the scope of the present invention, when reference iS; made to the 
wear of a plate, actually, this is the wear of a working face of a plate which is considered since, 
when the plate has two working faces, it can be possible to use independently the two faces of a 
plate as described in the patent EP-B1-817692. 
5 [0013] The method according to the invention is characterized by the fact that the decision 
whether to reuse or reject the refractory plate is based on a set of parameters determined, 
calculated or measured during successive uses of the plate and which are then corhpared, at the 
time of taking the decision, to threshold values. 

[0014] The threshold values are determined in function of the local conditions of u^e. for 
1 0 example, in function of the actual installation, the casting process, the quality of the; cast metal 
and the acceptable safety margin. 

[0015] The parameters determined, measured or calculated during the casting are typical of the 
actual plate wear and take into account the plates history by integrating data concerning various 
events or incidents occurred during their use. This method integrates a certain nurriber of 
15 variables which are normally available in the casting installation (metal weight in the upper 
vessel for example). 

[0016] According to a first embodiment of the present invention, the method is bas^d on the 
instant determination of the plates wear. 

[001 7] According to a first variant of this particular embodiment of the invention, thje method 
20 determines the wear of the throttling lips of the plates by the calculation of the difference 

between the measured throttling rate of the valve and the throttling rate calculated by the laws of 
physic. This difference between the throttling rate can be compared to a threshold value beyond 
which a decision to reject the plates must be taken. 

[0018] The actual throttling rate can be measured, for example, with a transducer connected to 
25 the plates displacement device indicating the relative plates displacement. Moreover, the 

theoretical throttling rate can be calculated easily by the following method. It is also possible to 
calculate the cross-section surface of the liquid metal passage corresponding to an; instant 
measured flow rate and to a ferrostatic pressure that is calculated as a function of the instant 
weight of the metal in the upper vessel and the inner geometry of said vessel. For a given 
30 casting orifice diameter (new plate or worn plate), this cross-section passage corresponds to a 
theoretical throttling rate. The difference between the values of the measured and theoretical 
throttling rate provides a measure of the wear. Thus, the difference of throttling rates can be 
expressed in terms of length corresponding to the worn parts of the lips. This length can then be 
compared to a maximum length beyond which the plates must be discarded. 
35 [0019] According to a variant of this particular embodiment of the invention, the method 

evaluates the wear by the calculation of the difference between the actual flow rateicalculated 
for an instant position of the valve measured by an appropriate device for an instant ferrostatic 
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pressure calculated in function of the instant metal weight and the inner geometry of the upper 
vessel at a given time, for a given diameter of the pouring orifice (new plates or wom plates) and 
the same flow rate as calculated according to the laws of physic. This difference of flow rate can 
also be compared to a threshold values beyond which a decision to reject should be taken. 
5 [0020] According to another variant, the method evaluates the radial plates wear by calculating 
the difference between the actual flow rate measured when the gate is fully opened, for an 
instant ferrostatic pressure calculated in function of the instant metal weight and of the inner 
geometry of the upper vessel at this time and the flow rate calculated according to the laws of 
physic in the same conditions. This difference of flow rate can also be compared to a threshold 

10 value beyond which a decision to reject should be taken. 

[0021] According to yet another variant of this embodiment, the method can take into account 
the energy (hydraulic pressure or electrical current) used for sliding the mobile plate. This 
measures pictures the roughness of the sliding surface of the mobile plate with respect to the 
fixed plate or the fixed plates (i.e., an image of the wear of the contact surface of the plates) and 

15 the mechanical state of the system or, more generally, an image of the alteration of the 

characteristics of relative displacement of the plates. A threshold for the reject or inspection of 
the plates and the gate can be considered. 

[0022] According to a second embodiment of the invention, the method integrates the time of 
use of tiie plates in wearing condition. In otiier words, the time elapsed during which the 

20 refractory plates have actually been subjected to wear is taken into account. To this end, it is 
necessary to deduce from the total casting time, the time of full closing and the time of full 
opening since, in these two positions, the plates are very littie or not subject to wear. It must be 
understood that the time of use of the plates in wearing condition cumulates all the times 
elapsed during successive uses of the plates. The metiiod according to the invention comprises 

25 tiierefore a step of comparison of the time of use of the plates in wearing conditions witii a 
threshold value. 

[0023] According to a variant of this embodiment of tiie present invention, the number of 
relative moves (linear or rotary) performed by tiie plates is counted. This number of moves can 
also be compared to a threshold value beyond which a decision to reject tiie plate should be 
30 taken. 

[0024] According to an advantageous variant of the same embodiment, tiie precision of the 
decision is improved by integrating the times related to incidents. It can be observed that in case 
of non-natural opening of a metallurgical vessel requiring to use the devastating action of a 
torch, tiie number of necessary torches and consequentiy, the intensity and duration of the 
35 clearing process under the action of a torch - and thus the resulting plates wear - are directly 
proportional to the time during which the plate is remained blocked. Henceforth, it is possible to 
take into account a non-natural opening by multiplying the non-opening time (thus the time 
during which the pouring orifice of tiie plate is remained blocked) by a given factor (for example 
a factor 4). This taking into account can still be improved by deducing tiie average time elapsed 
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before the intervention by the operators of the torch (for example 2 minutes). It Is also possible 
to take into account the time of inactivity of the plates between two successive uses which 
cannot exceed a certain value. 

[0025] On the basis of the same principle, it is also possible to take into account the blocking of 
5 the pouring orifice occurred during the casting. Such an event generally requires taking 

extremely severe measures so as to pursue the casting operations. Henceforth, a blocking of 
the casting orifice can be taken into account by multiplying the blocking time (thus the time 
during which the plate orifice is remained blocked) by a given factor (for example a factor 8). 
[0026] According to a related embodiment, the method takes into account any metal leakage 
1 0 between the plates (that can be connected to the fact that the gate being completely closed, a 
residual metal flow rate is still present). Since it is a very serious incident which can lead to 
endangering the casting installation, the method provides a signal of immediate reject of the 
refractory. 

[0027] According to a variant of the invention, each of the events or incidents is allotted a 

15 seriousness indicia. By integrating each events or incidents, as weighted by its seriousness 
indicia, a value typical to the occurred events or incidents is obtained and this value can be 
compared to a threshold value beyond which a decision to reject the plate must be taken. 
[0028] According to a third particularly advantageous embodiment, the method for the decision 
integrates two or more of the embodiments (and their variants) hereabove described: as soon as 

20 one of the values compared to its corresponding threshold value is exceeded, a decision to 
reject the plate is taken. Eventually, in this case, an "indecision zone" corresponding to a 
situation where none of the threshold values has been exceeded, but where these values are 
approached for at least two of the variables. When the method leads to an indecision, it can be 
decided to recourse to a visual inspection. 

25 [0029] According to another of its aspects, the invention relates to a device for carrying out the 
above described method. It is thus a device for taking a decision to reuse or to reject a 
refractory plate of a slide gate valve used for the control of the flow of a molten metal during the 
casting of said metal from an upper vessel towards a lower vessel, the device comprising an 
input unit connected to sensors, detectors or counters for introducing the selected variables, a 

30 unit for the memorization of the threshold values and a calculation unit able to perform 

operations on the variables introduced through the input unit and to compare the parameters or 
the results of said operations on these parameters to the threshold values and an output unit 
able to emit a signal corresponding to the decision whether to reuse or reject. 
[0030] Advantageously, the device memorizes also the various parameters relating to a set of 

35 plates during its successive uses. To this end, it is preferable that each set of plates be 

univocally identified. This can be performed by identifying the set of plates for example with a 
bar code. When the set of plates is introduced into the slide gate valve installed on a given 
casting vessel, the set of plates being no longer visible, it becomes necessary to also identify 
univocally this vessel so that (thanks to a link between the identifiers of the set of plates and 
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casting vessel), the information pertaining to a set of plates can be found from the identifier of 
the upper vessel. . 

[0031] It will be noted that the various units of the device can be far remote one from the others; 
as the casting zone can be far remote from the maintenance zone. Henceforth, it is also 
5 advantageous that the signal emissions between the different units be performed by a computer 
network, by telephony or by an hertzian network. 

[0032] Eventually, it will be noted that the information generated by carrying out the method 
according to the invention can also be exploited in the frame of the management of the plate 
consumption and reordering. 

10 [0033] The invention will now be described with reference to figures 1 and 2. A schematized 
version of the method according to the invention applied to a steel continuous casting ladle 
equipped with a hydraulically driven slide gate valve has been depicted on figure 1 . The 
memorization step consists in this case to enter into the memorization unit the different threshold 
values which have been retained. For example, the casting time values, the number of relative 

15 moves and the lips wear beyond which a decision reject must be taken or beyond which a visual 
inspection is recommended are set. The coefficients related to the incidents (blocking, plugging, 
leakage, ...) are also set at this stage as well as, if necessary, the seriousness indicia. These 
values can be entered manually, but preferably the device retrieve them from a library, taking 
into account the local conditions of use. 

20 [0034] The step of static acquisition consists in entering the information relating to the ladle 

(inner geometry) and to the set of plates being the object of the decision through the input unit of 
the system. 

[0035] The four next steps are perfomned during the casting operations. The step of dynamic 
acquisition comprises the acquisition, during all the casting operations of the different values of 
25 the retained parameters. For example, the casting time of the ladle along the pouring, the 
instant weight of the ladle, the number of moves, the hydraulic pressure of the cylinder, the 
instant position of the cylinder end, etc. 

[0036] The calculation step comprises tiie calculation of the different values which are not 
acquired directly by the system but which can be determined from the acquired values. It can be 

30 the flow rate (instant variation of the metal weight in the ladle), the inner geometry of the ladle 
(calculated from the original geometry taking into account the theoretical wear of the lining), the 
fenrostatic pressure (calculated from the instant geometry and the metal weight in the ladle), the 
difference between the measured position of the cylinder and the theoretical position, the instant 
difference between the measured flow rate and the theoretical flow rate, etc. 

35 [0037] The treatment step comprises the detennination of the different incidents (blocking, 
plugging, leakage) from the previously acquired variables. 

[0038] Eventually, the comparison step consists in comparing the so detemiined or acquired 
variables with the threshold values contained in the memorization unit. These four last steps are 
repeated al along the pouring of the ladle. 
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[0039] When the ladle leaves the casting zone, the last step of decision is performed. The 
system emits a signal (visual or sound) corresponding to a decision to reject or reuse or to a 
suggestion to proceed to a visual inspection. 

[0040] On figure 2, a device permitting to carry out the process has been depicted. A ladle 1 in 
5 the casting zone has been depicted. The ladle is equipped with a linear or rotary slide gate 
valve 2 and is connected to a device 4 for taking a decision through a connection 3. The device 
4 itself comprises a memorization unit, one (or more) acquisition, calculation, treatment and 
output unit(s). Eventually, the device 4 is connected to an output device 6 (represented here by 
traffic lights) by a connection 5. The connection represented here by a line can be realized by 
1 0 cable, by the hertzian way or other. Preferably, the output device 6 will be located in the 
maintenance zone of the ladle. 



